Abstract-During the yaw control, the load characteristics of yaw system are the key issue to influence the safety and reliability of the wind turbine yaw system. In this paper, based on Von Kammon spectal and EDC wind in IEC standard the 5MW wind turbine generator system model is established considering the impact of gravity load, aerodynamic load and inertia load. The dynamic characteristics of a 5MW offshore wind turbine are analyzed when yawing used FAST software to study the effects of different wind conditions, yaw speed. The results show that the pitching rate has a great affect to the load on yaw bearing since pitch during the yaw. The fatigue and extreme load fluctuation changed in different turbulent intensity of the wind.
INTRODUCTION
Yaw system is a critical part of wind turbine to follow the wind, and it is also an important load bearing part. Sliding yaw system is widely used in MW-class wind turbine because of the high load bearing ability, and there is no brake and hydraulic device, like rolling bearing, in sliding yaw system. But the sliding bearings use the engineering plastic to realize self lubrication function, so it is easy to cause the yaw gear problem.
In recent years, researchers in the world have done some studies on the yaw of wind turbine, including the yaw aerodynamic calculation, the yaw algorithm [1] [2] [3] [4] , the yaw system structure dynamics analysis [5] [6] , etc.
II. MODEL OF 5 MW OFFSHORE WIND TURBINE
In this paper, NREL 5MW offshore wind turbine was used as an example, the overall technical parameters are as follows: this wind turbine has three blades and a rotor diameter of about 126m, cut-in speed, rated wind speed, cut-out wind speed are 3.0m/s, 11.4m/s, 25.0m/s respectively, support structure is a height of 107.6m, and a conventional variable-speed, variable blade-pitch-tofeather configuration is used.
A. Blade model
The total blade length is 61.5 m and the weight is 17740 kg. When modeling the blade, it is divided into 17 blade elements from blade root to blade tip for integration of the aerodynamic and structural forces. Except the cylindrical section of the blade root and the transition section, the blade uses 5 DU series airfoil and 1 NACA series airfoil along span wise [7] , the sectional parameters of blade element center are shown in Table 1 . 
B. Support structure model
Offshore wind turbine support structure typically includes two parts, tower and foundation. Tower is connected to a monopile with the effective density of 8500 kg/m3 and the bending stiffness of 1037.14×109N· m2, tower and foundation pile type are shown in Fig. 1 . The monopil extends from the tower base down to the mudline, which is 20 m below mean sea level. 
D. Yaw system model
The yaw system is sliding yaw system including control system, yaw mechanism and cable protection device.
The yaw mechanism contains yaw generator, yaw speed reducer gearbox, yaw gear and yaw claw. Yaw gear ring is fixed on the top of tower, the yaw reduction box is installed on the bottom of the nacelle. The sliding yaw system is shown in Fig. 3 . According to the IEC 61400-3 standard [10] , choosing the EDC and Von Kamman spectrum to simulate the wind speed, the turbulence intensity was C and mean wind speed was 13.4 m/s at the height of hub, the wind speed of 
V. LOAD CHARACTERISTICS ANALYSIS OF YAW BEARING

A. Load characteristics of yaw bearing in EDC
In this paper, FAST was used to simulate the yaw process in normal power generation. The initial wind direction is 0 degrees, vertical to the rotor plane. The wind direction transient occurs at 40.0 seconds, and it occurs over 6.0 seconds. The extreme direction change is 32.72 degrees. At the time, the wind turbine starts to yaw at the speed of 0.4 degrees per second. After 81.8 seconds later, the wind turbine stops yaw maneuver. In the simulation, the wind direction, yaw angle and pitch angle are shown in Fig. 5 .
Because of the fluctuation of the power during 20s to 40s, the pitch angle has little fluctuation. During the yaw maneuver, the load of the wind rotor and the gravity of the nacelle are transmitted to the yaw mechanism and then transmitted to the tower through the yaw gear. The origin of coordinate system of the yaw bearing load is in the center of yaw gear, which is shown in Fig. 6 . 
F X and F y are the force along the x axis and y axis, which influence the friction force between yaw claw and gear. F z is the force along z axis, which increases the friction force between yaw claw and gear. According to Fig. 5 , the wind direction changed at 40 seconds, in order to keep the maximum power generation, the pitch angle was decrease. In the Fig. 7 , the yaw bearing load in time domain is shown in yaw coordinate system. The force along x axis has increased when the yaw began, and gradually stabilized. The force along y axis has a little increased during yawing. There is almost no fluctuation on the force along z axis. Consequently, the yaw motion has little influence on the force along x and y axis, and it doesn't influence the force along z axis. It is obviously to see that the moment component have large fluctuations at the time yaw began. The moment along z axis has a surge at the end of yaw motion. Because the speed of the wind is faster than that of the pitch rate, the power of wind turbine had decrease in a short time when the yaw began, the power curve in time domain is shown in Fig. 8 . When the yaw began at 46s, the angle between wind direction and nacelle became small, the pitch angle increased, the power and the moment were going to stable. Thus, the pitch rate is a important factor to influence the moment of yaw bearing. 
W i n d d i r e c t i o n
B. Load characteristics at different yaw speed
In Fig. 9 and Fig. 10 , the yaw bearing loads of case 2 and 3 in domain are shown in yaw coordinate system. Comparing with the load of case 1, the yaw speed are 0.4 degrees per second, 0.6 degrees per second and 0.8 degrees per second, respectively, it is almost the same between three cases in force component, and it's the same as the moment along x and y axis, except the fluctuation time.
But there is obvious to see that the moment along z axis is different. When the yaw began, the maximum moments of three cases are 2441KNm, 2215KNm and 1987KNm, respectively. When yaw was going to stop, the maximum moment of three cases are 1176KNm, 1848KNm and 811.1KNm. It is shown that yaw speed is a important factor to influence the maximum moment in the same wind condition, M z in case 2 at the end of yaw motion is too sharp, it is harm for the life of yaw bearing. It can be seen from the result that the speed 0.8 degrees per second is more fit for this wind condition, it makes the yaw bearing load decreased. 
VI. CONCLUSIONS
Considering the combined effects of the wind and wave, offshore 5MW wind turbines are chosen as the study object, simulation of wind turbine yaw motion is studied, and it comes to the following conclusions:
The pitch rate is an important factor to influence the yaw bearing load. The load of the yaw bearing can be reduced by controlling the pitch rate. Because the blade load of different conditions is also greatly affected by the variable pitch rate, the choice of the proper pitch rate is an important content of the design of wind turbine.
During the yaw motion, the moment in the three direction of force and the x direction have little influence of yaw rate and turbulence intensity, y and z direction of the moment have a large fluctuation under the turbulence condition.
The next study is about designing a control system to reduce the yaw bearing load.
